Lysozyme, a low-molecular weight basic protein, is an important component of the antibacterial system in milk. Lysozyme activity is higher in buffalo milk (60 ± 3 . 9r 10 -3 units/ml) than in bovine milk (29 . 1±1 . 5r10 -3 units/ ml). Buffalo colostrum contains five-times more lysozyme activity than mature milk (Priyadarshini & Kansal, 2002a) . Lysozyme activity in buffalo milk is not influenced by the parity of animal or stage of lactation, but it increases during extreme weather (winter and summer). Lysozyme in buffalo milk is more stable than in cow milk during storage and heat treatment. A sharp increase in milk lysozyme has been observed in buffaloes with sub-clinical mastitis (Priyadarshini & Kansal, 2002a) .
The molecular weight of buffalo milk lysozyme is 16 kDa as determined by sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE). The sequence of 23 amino acid residues at the N-terminal end shows 56 . 5% homology with bovine milk lysozyme and 30 . 4 % with equine milk lysozyme. The specific activity of buffalo milk lysozyme is 10-times that of bovine milk lysozyme. Buffalo milk lysozyme is active over a wide range of pH and its activity is strongly influenced by the molarity of the medium (Priyadarshini & Kansal, 2002b) . The anti-bacterial activity of buffalo milk lysozyme against Micrococcus luteus, Bacillus subtilis, Enterococcus faecalis and Lactococcus lactis ssp. lactis has been demonstrated (Priyadarshini & Kansal, 2002b) . In this paper we report further biochemical characterization of buffalo milk lysozyme.
Materials and Methods
Egg white lysozyme, lyophilized cells of Micrococcus luteus, CM-cellulose, Sephadex G-50 and bicinchonic acid were from Sigma (St. Louis, MO 63178, USA). Other chemicals were of analytical grade. Assay of lysozyme was as described by Selested & Martinez (1980) with some modifications (Priyadarshini & Kansal, 2002b) . The reaction mixture contained 2 . 1 ml cell suspension, 0 . 3 ml bovine serum albumin (1 g/l), 0 . 3 ml sodium azide, a source of lysozyme and 0 . 05 M-potassium phosphate buffer (pH 7 . 4) to a final volume of 3 ml. Absorbance was read at 450 nm before and after incubation at 37 8C for 6 h. The method was sensitive over the range 10-50 ng egg-white lysozyme. The unit of enzyme activity was defined as the change in unit absorbance per minute per milliliter reaction mixture.
Buffer molarity influenced the activity of buffalo-milk lysozyme. Optimum concentration at pH 7 . 4 was 0 . 05 M for potassium phosphate buffer and 0 . 075 M for Tris-HCl buffer. Lysozyme activity in 0 . 05 M-phosphate buffer was similar to that in 0 . 075 M-Tris-HCl buffer (Priyadarshini & Kansal, 2002b) . Tris-HCl buffer was used in the study of the effect of heavy metal ions, since organic buffers are free from any traces of heavy metal ions. Moreover, with phosphate buffer, there is a possibility of precipitation of metal phosphates.
Lysozyme from buffalo milk was purified to homogeneity. The procedure comprised ion-exchange chromatography using CM-cellulose and size-exclusion chromatography using Sephadex G-50 (Priyadarshini & Kansal, 2002b) . Purity of lysozyme was tested by SDS-PAGE (Laemmili, 1970) and immuno-electrophoresis (Bog-Hansen, 1990) .
Results and Discussion
Milk is a complex mixture of various salts, which determines the ultimate activity of lysozyme in milk. The activity of buffalo milk lysozyme in 50 mM-phosphate buffer was three-times that observed in 10 mM-phosphate buffer, and in 75 mM-Tris-HCl buffer it was more than five-times that in 25 mM Tris-HCl buffer (Priyadarshini & Kansal, 2002b) .
Effects of salts
NaCl concentration up to 50 mM increased the activity of lysozyme with 12 and 18 % activation observed at 25 and 50 mM, respectively (Fig. 1) . KCl at 25 mM showed no effect on lysozyme activity, but 20% inhibition was observed at 50 mM and the inhibition increased further at higher KCl concentration. Sodium citrate, NH 4 Cl and K 2 SO 4 at low concentrations increased the activity of buffalo milk lysozyme. At 5 mM, the activation of lysozyme by citrate, NH 4 Cl and K 2 SO 4 was 20, 22 . 5 and 17 %, respectively. At 25 mM, NH 4 Cl and sodium citrate showed no effect on lysozyme activity, while K 2 SO 4 caused 25 % inhibition. Lysozyme activity declined by 31, 80 and 97% at 100 mM concentrations of NH 4 Cl, K 2 SO 4 and sodium citrate, respectively, which shows that high ionic strength is inhibitory to buffalo milk lysozyme.
When the inhibitory effect of high concentrations of chloride salts of three monovalent cations (Na + , K + and NH 4 + ) were compared, inhibition was in the order KCl < NH 4 Cl < NaCl. Thus, the inhibition of buffalo milk lysozyme by cations of equal valency at particular ionic strengths is not similar, suggesting the involvement of factors such as size and mobility of the cations. Although the greater inhibition by sodium citrate than by sodium chloride, and by K 2 SO 4 than by KCl appears to be due to the higher ionic strength of sodium citrate and K 2 SO 4 than NaCl and KCl, respectively, the possibility of the nature of anions influencing the activity of buffalo milk lysozyme is not ruled out.
The effect of MgCl 2 and CaCl 2 at concentrations up to 25 mM was studied and the results are shown in Fig. 2 .
MgCl 2 at 5 mM induced 20 % activation of lysozyme activity, while at higher concentration it turned inhibitory with 38 % inhibition occurring at 25 mM. Concentrations of CaCl 2 up to 5 mM did not significantly influence lysozyme activity, but at 25 mM CaCl 2 about half of the enzyme activity was lost. The ionic strength of MgCl 2 and CaCl 2 are similar, therefore the differential effects of two salts is due to the nature of the cations.
The exact mechanism by which ions influence lysozyme activity is not clear. The activation observed at low salt concentration may be due to interaction of salts with polar groups on the cell surface causing altered permeability. Electrostatic forces play an important role in binding a positively charged lysozyme onto the negatively charged cell surface. Favourable electrostatic forces are decreased at higher ionic concentration, making the substrate less susceptible to enzyme action.
The concentration at which Na + is present in buffalo milk is stimulatory to lysozyme activity (Table 3) . K + and Ca 2+ do not stimulate lysozyme, and their concentrations in buffalo milk are less than their inhibitory levels. Concentrations of Mg 2+ and citrate in buffalo milk are within the ranges that are stimulatory to lysozyme activity. Concentrations of Cl -and phosphate in buffalo milk are 21 mM and 11 . 6 mM, respectively, which are also not inhibitory to lysozyme. Buffalo milk lysozyme is active over a wide range of pH with maximum activity at pH 7 . 4 ( Priyadarshini and Kansal, 2002b) . Even at the pH of buffalo milk (6 . 9), the enzyme retains 95 % of its maximum activity.
Effects of heavy metal ions
Effects of heavy metal ions on buffalo milk lysozyme are shown in Table 1 . All heavy metal ions tested at 0 . 1 mM were inhibitory; the inhibition ranged from 15 % for Ni 2+ to 75 % for Fe 3+ .
Thermal stability of buffalo milk lysozyme
Buffalo milk lysozyme, at 126 mg/ml in 0 . 2 M-NaCl-0 . 05 M-sodium phosphate buffer (pH 7 . 4), was subjected to temperatures of 63, 74 and 100 8C for 1, 15 and 30 min. Lysozyme retained full activity after 1 min at 74 8C or 30 min at 63 8C (Table 2 ). The enzyme lost only 10 % of its activity after 15 min at 74 8C and 30 % of its activity after 1 min at 100 8C. After 30 min at 74 8C about 34 % of Buffalo milk lysozyme activity was lost, and inactivation was complete after 30 min at 100 8C.
Kinetics of lysozyme reaction
Absorbance of the lysozyme reaction mixture at 450 nm was linearly related to substrate concentration. If a is the concentration of cells in the reaction mixture at zero time and A 0 the corresponding absorbance at 450 nm and x is the concentration of cells lysed at time t then the concentration of cells remaining is (a -x) with absorbance A t . If the kinetics of reactions are zero, first or second order, the plots of x against t, or ln a=(a -x) against t, or a=(a -x) against t will be linear with intercepts of zero, zero or unity, respectively (McKenzie & White, 1986) , and the variables x, ln(a/a -x) or a/(a -x) are proportional to DA, ln(A 0 /A t ) or A 0 /A t , respectively. The plot of reaction kinetics of buffalo milk lysozyme (Fig. 3) shows that the enzyme followed a second order reaction over a period of 6 h. McKenzie & White (1986) also observed second order kinetics for cell lysis by bovine milk and egg-white lysozyme. Frank was fortunate to have a close and loving family. In 1950 he married Mary Phillips who also worked at the NIRD and they had four daughters and now five grandchildren, to all of whom he was devoted. At home he was a keen gardener and, with Frank Neave, shared a common interest in bee-keeping.
A few of the tributes paid to Frank since his death bear testimony to the esteem in which he was held. 
